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Abstract 

We have established a sensitive upper limit on 

$0 resonance production by 350 GeV/c protons incident on a 

beryllium target. The 90% confidence level upper limit 

varies from 1.5 x 10e30 cm2/nucleon at r4,+# = 2.6 GeV/c2 to 

6.0 I 1O-32 cm2/nucleon at U++ = 3.1 Gev/~~. He observe 

no evidence of the nc. 
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Since the discovery of the J/Y1 (Jpc = l--l, a great deal 

has been learned about the spectroscopy of charm-anticharm 

quark pairs.2 One of the puzzles in this study has been the 

appearance 3‘4 and disappearance 5.6 of the nc (Jpc = O-+1, the 

pseudoscalar llSo state of the & pair. Recently a possible 

candidate was discovered at SPEAR7 with a mass which is con- 

sistcnt witb theoretical expectations. 8 This resonance has not 

yet been seen in hadronic interactions. 

There have been several attempts to produce the nc through 

hadronfc interactions. 4,g Assuming that the J/l(r and nc are 

produced via gluons 10 , the nc hadronic production cross section 

should be nucb larger than the J/$. The problem is to find the 

appropriate decay mode to detect the '1=. Lipkin' has suggested 

that the cross section times branching ratio for the J/$ into 

two leptons is approximately equal to the cross section times 

branching ratio for n;99 and that the signal to background in 

this mode should be very good. Following thfs suggestion we 

have performed a search for the n,+$ in the Proton Center Area 

at Fermilab, where we detect the # via its K+K- decay mode. 

We used a total of 1.2 x 1013 350 GeV protons incident upon 

a beryllium target. The experimental apparatus was a double 
12 arm spectrometer which had been used in a previous experiment. 

The spectrometer was modified for'this experiment by removing 

the Be absorb&in the target box, adding additional scintf- 

llation counters downstream of the air dipole magnet and adding 

additional mirrors in the Cerenkov counter in one arm. In 
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addition the Cerenkov counter gas in both arms was changed from 

N2 t0 CO*. A schematic of the spectrometer is shown in Fig. 1. 

The air dipole magnets had a pT kick of 0.35 GeV. 

The acceptance of our apparatus for the nc was computed 

assuming that the nc transverse momentum, pT, distribution is 

the same as the J/y.14'15 We also assume that the cross section 

is flat in rapidity y, in the range oE our acceptance, 

-0.5 < y < +0.1. The @ decay to K+K- is assumed to have sin*9 

distribution where 9 is the angle of one of the K’s in the 

helicity frame of the o. The acceptance for the nc as a function 

of its mass is shown in Fig. 2. 

The Cerenkov counter in each arm was used to discriminate 

against a' lnesons. Since the Cerenkov threshold for n'in CO2 

is 4.9 GeV, we placed a lower momentum cut of 5.5 GeV on the data. 

Charged particles passing the momentum cut and producing no 

photons in the Cerenkov counter were called K' mesons. Included 

in this sample of K’s were protons and antiprotons which we 

could not reject. 

The acceptance shown in Fig. 2 includes all efficiencies 

for the experiment. In addition to the geometric efficiency, 

it includes the square of the branching fraction 

(4 - K+K-/4' allI = 0.24: four K survival efficiency, 0.23 to 

0.34 depending on $4 mass: efficiency of Cerenkov momentum cut, 

0.70; track reconstruction efficiency, 0.85; and the live 

time of 0.80. 
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In addition to the double arm 44 data, we took single arm 

e calibration data prescaled by a factor Of 2048. The mass 

distribution OE the single arm K+K- pairs summed over both arms 

is shown in Fig. 3a. The observed 3 MeV width is in agreement with 

the computed resolution of our apparatus folded in with the 

intrinsic vidtb of the 4. The transverse 8NmentUm, pT, 

distribution of the single arm 9's is shown in Fig. 3b, averaged 
13 

over both arms. Also shown is the data of AkerlOf et. al., 

which were taken with 400 GeV protons incident on beryllium. 

The mass distribution for the double arm (K+K-1 (K+K-1 

events is shown in Fig. 4a. xf we place a mass cut in each arm 

at the f$ nass $10 .L!H, we obtain the distribution shown in Fig. 4b. 

Prom Fig. 4b we obtain upper limits to the branching ratio 

times the cross section for the nc as a function Of mass, a¶ 

is shown in Fig. 5. We have also inserted the results from 

previous Brookhaven' and Serpukhov3 experiments, after scaling 

them to our kinematic and energy regions. The Brookhaven 

uppar limit (22.6 GeV n-p + 44n. exclusive1 assumes that the 

nc cross section scales like the Ilr 15 , and that the inclusive 

cross section is equal to the exclusive cross section at 

the energy of the Brookhaven experiment. The Serpukhov point 

(40 rev n-p+ vyn, exclusivel.assumas in addition that the 
. 

exclusive cross section scales as $ betwaen Brookhaven and 

Serpukhov energies. 

In conclusion we have searched for the nc using its 90 

decay mode. We obtain a cross section time branching ratio 

909 confidence level upper limit Of 330 nbarns at a mass Of 

2.98 GeV. 
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Fig. 2 Acceptance for $9 pairs. The second setup included 

the IiH counter shorn in Figure 1. 
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Pig. 3 a)K+K- mass spectrum sumaed over both arms. 
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experiment of Akerlof et al. used 400 GM protons 

on beryllium. 
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Fig. 4 (K+K-) (K+K-) Mass Spectra. 

3) all events. 

b) events for which 1010 ( MK+d 2 1030 in each ~3. 
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Fig. 5 90s confidence level limit for Qc production. The 

BNL (Brookhaven) and Serpukhov points are explained 

in the text. 


